Summary. Electroejaculates from 5 tigers were split and half of each was assayed fresh while the remainder was frozen and thawed before being assayed. Preincubation time, temperature and removal of seminal plasma were evaluated for their effect on in-vitro capacitation. Ability of spermatozoa to penetrate oocytes, as measured by the zona\x=req-\ free hamster egg\p=n-\spermpenetration assay (SPA), was used as verification of capacitation. Results of the experiments with fresh semen indicate that: (1) preincubation time affects the fertilizability of tiger spermatozoa with 2 h appearing optimal, (2) a preincubation temperature of 37\s=deg\Cresults in significantly higher penetration rates than does a 22\s=deg\Ctreatment, and (3) tiger seminal plasma does not appear to contain decapacitation factors, as has been reported for several other species. Frozen semen experiments indicate that (1) frozen\p=n-\thawed tiger spermatozoa must be removed from the environment of the semen extender before capacitation can take place, and (2) the freeze\p=n-\thaw procedure results in a shortening of the required capacitation time.
Introduction
As wild populations of exotic felids decline, the need for captive management programmes and reproductive research increases. The goal of a captive management programme is not just to increase the number of individuals in existence, but also to establish and maintain a stable, geneti¬ cally diverse population in captivity and in the wild (Seal & Foose, 1983 ). An understanding of basic gamete physiology is imperative for development of the reproductive technology necessary for survival and propagation of these endangered species.
Capacitation is a biochemical process that occurs on the sperm cell surface which enables the spermatozoon to undergo the acrosome reaction before fertilization (Austin, 1952) . A preincuba¬ tion interval of at least 30 min is required for domestic cat spermatozoa to capacitate and thus acquire the ability to penetrate oocytes in vitro (Hamner et al, 1970; Niwa et al, 1985) . Bowen (1977) reported that no capacitation time was required for spermatozoa from the ductus deferens of the cat to penetrate cat oocytes. However, in that study ova were co-incubated with spermatozoa for 12-14 h before being evaluated for fertilization.
The zona-free hamster egg sperm penetration assay (SPA) indirectly measures capacitation by measuring the ability of spermatozoa to penetrate zona pellucida-free hamster oocytes (Rogers et al, 1979) . Siberian tiger spermatozoa are capable of penetrating zona-free hamster eggs (Byers et al, 1987) . The SPA is presently the best in-vitro test available to provide information about the functional capacity of spermatozoa (Yanagimachi, 1984) . The (1987) . The zona-free eggs were then washed 3 times and 20 eggs were added to each 50 µ droplet of spermatozoa (prepared as described below for each experiment) under mineral oil. The ova and spermatozoa were co-incubated at 37°C in an atmosphere of 5% C02 in air for 3 h. After this time the ova were removed from the drops, placed on a slide and flattened with a coverslip. The zona-free hamster oocytes were exam¬ ined by phase contrast microscopy at 400 magnification. The presence of a swollen sperm head with its dissociated tail, and/or a male pronucleus in the cytoplasm indicated ovum penetration.
Freeze-thaw procedure. Each 5 ml semen sample was transferred to a conical centrifuge tube and centrifuged at 120g for 10 min, forming a very soft sperm cell pellet. Seminal plasma was removed and 0-5 ml TEST-yolk extender (Graham et a!, 1972) with 7-5% glycerol (325 mosmol/kg, pH 7) was added dropwise. The sample was then cooled to 5°C over 3 h in a 150-ml beaker containing 60 ml water. Samples were loaded into 0-25-ml French straws and frozen in a controlled freezer (Cryogenic, Minnesota 11-7 ± 2-3 80-6 ± 44-5 68-4+ 6-4 66-8 ± 6-6 81-5 + 3-7 862 7 11-8 + 6-9 59-6 + 34-8 621 ± 9-5 63-1+ 4-4 77-0 + 4-5 2832 8 11-8 + 2-9 21-9+11-7
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16-9 ± 9-2c (22) 10-1 ± 7-7" ( ) The results indicated that capacitation could occur in the presence of seminal plasma (Fig. 1) . None of the animals showed a difference (P > 0-9) between penetration rates of spermatozoa washed in Medium BWW (42/259) and those incubated in their seminal plasma (42/256). The percentage of spermatozoa that had undergone an acrosome reaction was not different (P > 005) between these two groups (38-6% ± 9-1 versus 36-3% + 7-2, respectively). (Table 4) . The 0 h sample penetrated 27/361 eggs but none of 181 eggs were penetrated by frozen-thawed spermatozoa preincubated for 2 h ( < 0005). Motility decreased dramatically from 40-4 +11-3 immediately after thawing to 6-2 + 9-2 by 2 h after thawing. (1/102, 0-98%).
Experiment 6: penetration rates with fresh and frozen-thawed semen The results of Exps 4 and 5 demonstrate that some of the frozen-thawed tiger spermatozoa had become capacitated. Table 5 illustrates that, in spite of the variation between animals in both fresh and frozen penetration rates, the overall percentage penetration was significantly higher for fresh than frozen spermatozoa. To determine whether this finding held true for individual ejaculates, several samples were split; half being assayed fresh and the remainder frozen and thawed before use in the SPA. The results for Exp. 6, using split ejaculates (Table 6) , were similar to those in Table 5 . The portion of the ejaculate that had been frozen and thawed before use in the SPA penetrated signifi¬ cantly fewer oocytes than did the fresh portion. Fitting the data with a logit model resulted in a value of < 0-005 for the difference between fresh and frozen sperm penetration. Under our opti¬ mum conditions of 2-h preincubation at 37°C, the motility of fresh spermatozoa was 41-2% + 18-4 at the time of coincubation with ova and that of frozen-thawed spermatozoa was 40-4% ± (P > 005). However, the percentage of spermatozoa that were devoid of acrosomes under these (Ijaz & Hunter, 1988) or it may be due to the glycerol (Slavik, 1987) .
The results of Exp. 5 with frozen semen indicate that removal of semen extender from thawed spermatozoa is required for penetration of zona-free hamster oocytes. Considerable ultrastructural and biochemical changes in the acrosome occur after glycerol cryopreservation (Mahadevan & Trounson, 1984; Heath et al, 1985) . It is also possible that glycerol and/or egg yolk proteins in the extender are interfering with sperm-egg interactions by blocking binding sites on the postacrosomal segment. The finding that frozen-thawed tiger spermatozoa are capable of fertilization provides the incentive for further research in artificial insemination in this species. The decrease in penetration rates of frozen-thawed spermatozoa compared with fresh spermatozoa (Tables 5 & 6) was not surprising. However, by adjusting the freeze-thaw protocol it may be possible to increase the fertilizing capacity of these sperm cells.
The preservation of Siberian tigers, as well as the other 36 species of felids whose continued existence in the wild is threatened, has become the responsibility of captive breeding programmes. This is a difficult task since much of the basic physiology of these exotic species is not yet fully understood. This study provides valuable basic information of male tiger reproductive physiology. The use of the hamster egg-sperm penetration assay defines the conditions required for in-vitro capacitation of fresh and frozen spermatozoa of Siberian tigers. The SPA appears to measure a functional capacity of the sperm cell which is not revealed by routine semen analysis. The corre¬ lation coefficients for tiger sperm penetration into hamster eggs versus semen analysis parameters are given in Table 7 . None of these correlation coefficients is large enough to be used as a prediction of penetration. Although the value of 0-71 for the correlation between penetration and motility at insemination is relatively large, r2 is 0-50. This means that only 50% of the time can the variability in penetration be attributed to motility at insemination. Similar values have been reported correlat¬ ing human sperm penetration of zona-free hamster ova with sperm concentration (r = 0-29) and motility (r = 0-33) (Cohen et al, 1982) . Our conclusion that the SPA provides important information about the fertility of tiger spermatozoa is in agreement with the findings of several other investigators working with semen of various species (Yanagimachi, 1984) .
